This paper argues that the decline in GDP growth volatility in the U.S. after the mid 1980s was an outcome of more risk efficient and more diversified sectoral allocations. Using a portfolio approach, I distinguish between the two determinants of GDP growth volatility: sectoral covariances and sectoral allocations. I use the sectoral growth and covariances to compute the growth-volatility frontier of the economy. I define the efficiency of the actual sectoral allocation as the distance of the economy from the frontier, measured in the (volatility, growth) space. There are three main findings. 1) The frontier has shifted due to a lower sectoral growth rate and a higher sectoral variance. 2) The distance of the economy from the frontier has decreased. The efficiency over the period increased by 1.4 percentage points. This increase occurred along the volatility dimension and it is interpreted as the decline in the growth volatility in the economy, if there were no changes in the sectoral covariances. This efficiency improvement is comparable to the 1.5 percentage points decline in GDP growth volatility in the data after the mid 1980s.
Introduction
The decline in U.S. GDP growth volatility after the early 1980s is well documented in the literature and is coined as the Great Moderation by Stock and Watson (2002) . 1 Understanding the sources of the Great Moderation is particularly important in the light of the last recession. Did it mark the end of the Great Moderation or was it just a temporary interruption of the long run decline in GDP growth volatility?
In this paper, I argue that the aggregate growth volatility has declined because of sectoral shifts.
I take a portfolio approach in explaining the Great Moderation. Representing the economy as a portfolio of n sectors, the GDP growth volatility is given by:
where ω t is an n × 1 vector of sectoral shares at time t, and Σ is the n × n covariance matrix of sectoral growth rates. Similarly, the GDP growth is the weighted average of the sectoral growth rates. As shown in equation ( 1), the two determinants of GDP growth volatility are the covariances of the sectoral growth rates and the sectoral allocations. A decline in the GDP growth volatility would be the outcome of a decrease in the sectoral growth volatility or correlation across sectors.
Furthermore, a shifting away from the more volatile sectors or a higher diversification across sectors would also lead to a decline in volatility.
To distinguish between the effect of covariance and sectoral allocations, I present the growth and volatility in the economy in an efficient frontier framework. The growth-volatility efficient frontier is determined by the sectoral growth and covariances. The frontier is plotted in the GDP (volatility, growth) space and every point on the frontier represents a portfolio of sectors. The sectoral allocations on the frontier and the corresponding aggregate growth and volatility represent the maximum level of efficiency that the economy can achieve. An increase in the sectoral covariances or a decrease in the sectoral growth rates will shift the frontier and shrink the growth-volatility opportunity set. I define the shifts in the frontier due to changes in the sectoral covariances, as changes in the risk opportunity set.
The location of the economy relative to the frontier is determined by the actual sectoral allocation. I define the optimal allocation as the one that minimizes the distance of the economy from the frontier, where the distance is measured in the (volatility, growth) space. I measure the efficiency of the economy as the distance of the economy from the optimal allocation on the frontier. The closer the economy to the frontier, the higher the efficiency. The distance along the volatility dimension 1 The decline in GDP growth volatility was first documented by Kim and Nelson (1999) , McConnell and PerezQuiros (2000) and Blanchard and Simon (2001) .
represents risk efficiency.
Using this setup, I can distinguish between the two sources for the decline in GDP volatility: 1) decrease in covariances represented by an expansion of the risk opportunity set and 2) changes in sectoral allocation represented by an increase in efficiency.
I use U.S. data for 22 sectors for the period 1947-2010. This set of sectors fully represents the economy. I use a rolling window procedure to estimate the average sectoral growth rate and the sectoral covariances to compute the frontier and the efficiency for every period. I find that:
1. The frontier has shifted down and the growth volatility opportunity set has shrunk. At least 2/3 of the shrinkage is due to a lower sectoral growth, reflecting the productivity slowdown of the 1970s. The rest is due to a doubling of the growth volatility in Agriculture (1980), Information (1997) and Finance and Insurance (1998). There is no change in the growth volatility of the other sectors or in the correlation across sectors. This implies that the Great Moderation was not the outcome of a decline in sectoral covariances. As the GDP growth volatility is determined by the sectoral covariances and sectoral allocations, this suggests that the decline in GDP growth volatility was the outcome of changes in the sectoral allocations.
2. The distance of the economy from the frontier has decreased. The efficiency increased by 1.4 percentage points and it is interpreted as the decline in the growth volatility in the economy, if there were no changes in the sectoral covariances. This efficiency improvement is along the volatility dimension and is comparable to the 1.5 percentage points decline in GDP growth volatility in the data after the mid 1980s.
3. The economy became more diversified after the early 1980s. The economic activity has become more equally spread across sectors, shifting away from Agriculture and Manufacturing towards services. Notably, the share of Finance and Insurance has increased steadily from 2.4% of GDP in 1947 to 8.4% in 2010. It became the third largest sector in the last decade, which coupled with doubling of the growth volatility in this sector, contributed to the recent increase in GDP growth volatility.
To conclude, as a result of changes in the sectoral allocation, the economy has moved closer to the growth-volatility frontier. The Great Moderation was the outcome of more risk efficient and more diversified sectoral allocations.
There is a growing literature on the Great Moderation. Carvalho and Gabaix (2010) define fundamental volatility as an weighted average of the variance of the total factor productivity of each sector, where the sectoral variance is constant over time. They derive GDP growth volatility to be proportional to the fundamental volatility. They conclude that the changes in fundamen-tal volatility, therefore changes in GDP volatility, would come only from changes in the sectoral composition, corresponding to a more diversified economy.
Sectoral diversification captures one dimension of the changes in the sectoral allocation. This paper futher contributes to the literature by introducing a measure of the efficiency of the sectoral allocations. Given the sectoral covariances, this measure converts the complexity of the changes in sectoral allocations into changes in efficiency.
Other explanations of the Great Moderation include: better monetary policy (Clarida, This paper is organized as follows. Section 2 presents the sectoral allocation in a growthvolatility efficient frontier framework. Section 3 discusses the data. The results are presented in Section 4. Section 5 continues with some robustness checks and extensions and Section 6 concludes.
Sectoral Allocation in an Efficient Frontier Framework
In this section, I present a model of sectoral allocation in a growth-volatility efficient frontier framework. The efficient frontier is computed using the sectoral growth rates and sectoral covariances, and it provides the most risk efficient allocations that the economy can achieve. Given the sectoral growth rates and covariances, the observed growth and volatility in the economy will be determined by the observed sectoral shares. The closer the economy is to this efficient frontier, the more risk efficient the economy is. This set up allows for the identification of the two sources of changes in GDP volatility: 1) changes in the covariances, represented by an expansion of the growth-volatility opportunity set, and 2) changes in sectoral allocation resulting in changes in efficiency.
Efficient fontier : Given the sectoral growth rates and covariances, what is the sectoral allocation that yields the lowest GDP growth variance for a given value of GDP growth? This set of sectoral allocations and the corresponding GDP growth and volatility represent the efficient frontier.
The inputs in the computation of the efficient frontier are the vector of the expected sectoral growth rates and the covariance matrix of the sectoral growth rates. At any time t, given the vector of sectoral growth rates g t , the covariance matrix of the sectoral growth rates Σ t and the vector of sectoral allocations ω t , the GDP growth rate is given by:
the expected GDP growth rate is given by:
and the variance of the GDP growth rate is given by:
where
is an n × n covariance matrix of sectoral growth rates.
A sectoral allocation is efficient, if for a given GDP growth rate, µ, it yields the lowest GDP growth volatility. The efficient allocation,ω, solves the following optimization problem:
Repeating ( 5) for every possible value of GDP growth, I compute the efficient frontier as a set of efficient sectoral allocations, ω, the corresponding GDP growth, E(g GDP ) =ω E(g) and volatility, σ 2 GDP =ω Σω. 2 The efficient frontier is plotted in the (volatility, growth) space. A higher sectoral growth rate, a lower sectoral variance or a smaller correlation across sectors will shift the efficient frontier, expanding the growth-volatility opportunity set. The shifts in the frontier, due to changes in the sectoral covariances, represent changes in the "risk opportunity".
Preferences:
The economy likes GDP growth and dislikes GDP volatility.
Optimal allocation: Each of the sectoral allocations along the frontier is risk efficient. As the economy likes GDP growth and dislikes GDP volatility, the optimal risk efficient allocation is given by the portfolio on the frontier that is closest to the economy. The distance of the economy from the frontier is measured in the (volatility, growth) space.
The optimal sectoral allocation,ω optimal at time t, is given by:
where D i,t (ω) denotes the distance of the economy from the sectoral allocationω i .
I compute the distance of the economy from each of the sectoral allocations on the frontier as:
where, t is time, i indexes portfolios (sectoral allocations) on the efficient frontier, D i,t is the distance of the economy from the portfolio i on the frontier for time t. The growth rate and the variance for the i th portfolio on the frontier is given by g f rontier,i,t and σ f ontier,i,t , respectively, which represent the GDP growth and variance if the sectoral allocations in the economy were the same as the sectoral allocations of the i th portfolio on the frontier. The observed GDP growth and volatility are denoted by g GDP,t and σ GDP,t . Because the efficient frontier is concave and upward slopping, at ω optimal,t , the GDP growth will be no less than the observed GDP growth and the GDP volatility will be no higher than the observed GDP volatility.
The distance of the economy from the frontier, D, is the distance from the optimal allocation on the frontier, as in:
Efficiency: I define the efficiency of the economy as the distance of the economy from the optimal allocation, as in equation (8), where the distance is measured in the (growth, volatility)
space. I define the risk efficiency as the distance attributed to the volatility dimension. In this efficient frontier framework of sectoral allocation, the two sources for a change in GDP volatility, changes in the sectoral covariances and sectoral allocations, are converted into changes in the risk opportunity set, and changes in the risk efficiency of the economy.
Data
The sectoral data is available from the Bureau for Economic Analysis. The data is available at an annual frequency, for the period 1947-2010 for 22 broad sectors of the economy. The list of sectors is given in Table 1 The existence, timing and magnitude of the Great Moderation using annual data. There is consensus in the literature on the start date of the Great Moderation as the first quarter of 1984.
This break date is estimated using quarterly data for GDP growth. Since the sectoral data is available at an annual frequency, I test for the existence and the timing of the break in the GDP growth volatility using annual data. Following McConnell and Perez-Quiros (2000), and Stock and
Watson (2002), I compute the instantaneous volatility as,
where t is the estimated error term from the following AR(1) model of real GDP growth rates:
∆y t = α + β∆y t−1 + t , where y t is the log of real GDP. Figure 1 plots the HP trend of the instantaneous volatility. I test the null hypothesis of no breaks, γ 1 = 0, against the alternative of a single break, in the following regression:
where D t is a dummy variable assuming a value of 1 for time t ≥ τ , given an estimated break date suggesting that the shifts should be mainly due to a lower sectoral growth rate. The curvature of the frontiers is relatively unchanged, implying that there is no change in the correlation across sectors.
2. The distance of the economy from the frontier has decreased. The decline in the sectoral growth rates, captured by the growth dimension of the shifts in the frontier, is higher than decline in the GDP growth in the data. Also the decline in the distance is mostly along the volatility dimension. That is, the economy became more risk efficient.
These observations are elaborated in the following subsections. 3 In the case of a 15% trimming, T1 = 0.15N and T1 = 0.85N , where N is the total number of observations. 4 Following Perron and Qu (2006), I compute the Sup-F statistics, the critical value and the estimated break date. The Sup-F statistics is 12.614 and the 5% critical value is 8.592. I thank Perron and Qu for sharing their code. The code is available at http://people.bu.edu/perron/code.html. Figure. The distance of the economy from the frontier corresponds to distance of the circle from the line with the same color. The fontier has been shifting down to the right, implying that the opportunity set has shrunk. The distance of the economy from the frontier has decreased, implying that the efficiency of the economy has increased.
Efficient Frontier and Growth-Volatility Opportunity Set
To get a time series of the shifting down of the frontier, I compute the distance of the each frontier from the first frontier. The distance is measured in the (volatility, growth) space. Note that each frontier is computed by constructing N portfolios which are equally spaced in the range of the growth rates for that frontier. For each frontier, I calculate the distance between the corresponding i portfolios, where i =1 to N, as:
The distance of each frontier from the first one is given by the average distance between the corresponding portfolios as in equation ( 12) . where, i and j denoted sectors and the superscripts denote the corresponding periods. I compute a counterfactual frontier using this covariance matrix and the growth vector from the period 1948-1972. Figure 4 shows the decomposition of these effects.
Is is evident that the frontier has shifted down because of a lower sectoral growth rate, and a higher sectoral variance. A lower sectoral growth accounts for 2/3 of the shift in the frontier, representing the productivity slowdown in the 1970s. 5 I test for breaks growth volatility for each of the sectors. The Sup-F statistics, estimated break date and volatilites are given in Table 2 . I find support for no change in the sectoral volatility for 19 sectors and an increase in sectoral volatility in 3 sectors: Agriculture, Information and Finance and Insurance. Figure 5 plots the sectoral volatility for these three sectors. As the sectoral variance has been higher and there has been no change in the correlation across sectors, we expect to observe a higher GDP volatility. Instead, the GDP volatility has decreased, implying that the decline in the GDP volatility was due to changes in the sectoral allocations. 5 The shift due to the change in the average sectoral growth rate is 2.2126 and the shift due to the change in the covariance matrix is 0.9686. Table 2 : Breaks in Sectoral Volatility. I find support for no change in the sectoral volatility for 19 sectors and an increase in sectoral volatility in 3 sectors: Agriculture, Information and Finance and Insurance. For these three sectors, Date, Before and After show the estimated break date, and the estimated volatility before and after the break date. The volatility in these three sectors has doubled. These results show that the decline in GDP growth volatility could have not been the outcome of a lower sectoral variance. Levels of significance: 1% (***), 5% (**). Figure 2 suggested that the economy has been getting closer to the frontier. I defined the efficiency of the economy as the distance of the economy from the frontier. Figure 6 shows that the distance of the economy from the frontier has been decreasing over time, i.e. the economy has become more efficient. Figure 7 : Efficiency and the Decline in Growth Volatility. The efficiency of the economy is measured by the distance of the economy from the optimal allocation on the frontier. The distance of the economy from the frontier is given by the distance between the econ(data) and econ(optimal), where econ(optimal) is the optimal allocation on the frontier. As the economy likes GDP growth and dislikes GDP growth volatility, the optimal allocation is determined the portfolio on the frontier closest to the corresponding econ(data), where the distance is measured in the (growth, volatility) space. The distance of the economy from the frontier has decreased, implying that the efficiency has increased. To illustrated the effect of the increased effciency in the decline in GDP volatility, I compute a counterfactual economy: econ (counterfactual, 1986-2010 ) is computed such that the distance of econ (counterfactual, 1985-2010) This figure plots the improvements in efficiency along the growth and volatility dimension. The distance of the economy from the frontier has been decreasing along the volatility dimension, implying an improvement in the risk efficiency. Efficiency is measured by the distance of the economy from the frontier in the (growth, volatility) space. The optimal allocation is defined as the allocation on frontier closest to the economy. a decline in the difference between the growth (volatility) observed in the data and the growth (volatility) at the optimal allocation. Figure 8 plots the growth rate and volatility at the optimal sectoral allocation, the GDP growth and volatility observed in the data, and the difference between the two. Figure 8 shows that the difference between the growth volatility in the data and the volatility at the optimal allocation has been decreasing over time. The increase in the efficiency occured along the volatility dimension, an increase in risk efficiency.
Sector

Efficiency
Sectoral Allocation
In the previous section, I showed that since the sectoral covariances have either increased or not changes, the Great Moderation was the outcome of changes in the sectoral allocations. Furthemore, the risk efficiency, as measured by the difference between the GDP volatility in the data vs.the model, has increased. These findings imply that the sectoral allocations were more risk efficient.
From Finance, a lower volatility can be a benefit of diversification. To illustrate, I present a measure of sectoral diversification, which refers to the dispersion of the economic activity across sectors. ,where ω i is the sector share to GDP. The Herfindal Index is calculated using the annual data for 22 broad sectors in the economy. The list of sectors is given in Table 1 . The index takes values from 1/n (equal sectoral shares) to 1 (a single sector economy), where n=number of sectors. A decrease in the Herfindal Index corresponds to an increased in diversification. The economy was more diversified during the Great Moderation.
where ω i,t is the sector share to GDP, denoted by the variable vapct in the data. A decrease in the Herfindal index corresponds to an increase in diversification, implying that the economic activity is more equally spread across sectors. The US economy was more diversified during the Great Moderation. Figure 10 shows that there is a decline in the sector share for the Manufacturing of Durable and Nondurables goods, and Agriculture and an increase in services, particularly Finance and Insurance, Health, Professional and Administration services. As shown in Table 2 , the growth volatility in Finance and Insurance and Information doubled after 1998/1999, contributing to the increase in the volatility in the recent years. Figure 9 suggests that there are two breaks (three To further illustrate the effect of changes in the sectoral allocation in the decline of GDP growth volatility, I construct a counterfactual GDP growth series, using the sectoral growth rates in the data and setting the sectoral composition an in 1948, as:
I compute the instantaneous volatility of g GDP,t,counterf actual . Figure 11 plots the GDP volatility in the data and the GDP volatility for the counterfactual growth series. The only difference between these two series comes from the changes in the sectoral allocations over time. Figure 11 shows that the effect of the changes in the sectoral allocation occurs in the mid 1980s. I cannot reject the hypothesis of no break in the counterfactual GDP growth series. The change is sectoral allocations is sufficient to explain the decline in GDP growth volatility. To conclude, the Great Moderation was an outcome of more risk efficient and more diversified sectoral allocations.
Robustness Checks and Extensions
Robusteness Checks
In this section, I test for the robustness of results using a less dissaggregated classification and a more rigid frontier, where the sectoral shares are allowed to move within certain bounds.
Sectoral Classification. Bounds on Sectoral Shares. When computing the efficient frontier, the sectoral shares were just constrained to be between 0 and 1 and to sum up to 1, allowing for a very feasible structure of the economy. To introduce rigidities, I impose further constraints on the sectoral shares. I set the lower and the upper bounds as:
.
Furthermore, I define 15 groups as in the sector level classification of the Input-Output Table. I impose bounds on the relative share of groups as follows:
The allocations along the efficient frontier are computed as in equation 20.
(20) Table 4 shows the correlation coefficient for the measures of frontier shifts, efficiency and risk efficiency produced by these two specifications with the 22-sector baseline. I find that the results are robust to the less disaggregated classification and robust to the constraints on the sectoral shares:
the growth-volatility opportunity set has shrunk, the economy has become more efficient and the improvement in efficiency is along the volatility dimension. Table 5 : GDP volatility and Efficiency. The counterfactual GDP growth volatility is computed keeping the efficiency as in . Efficiency is measured by the distance of the economy from the frontier. The counterfactual GDP growth volatility in the three specifications is almost the same as the volatility in the data in , reconfirming that the decline in GDP volatility was the outcome of more risk efficient sectoral allocations. "22 sectors" is the baseline, "15 sectors" corresponds to a more aggregated datatset and "22 sectors & bounds" restricts the variability of the sector shares and the ratio of sector shares to [min − 3stdev, max + 3stdev].
Extensions.
Preferences. The frontier is determined by the vector of the sectoral growth rate and the covariance matrix of the sectoral growth rates. Given the frontier, the actual sectoral allocations determine the location of the economy relative to the frontier. The preferences in terms of growth and volatility are represented in the distance of the economy from the frontier as in equation ( 7). The optimal 9 The correlation coefficient for the Herfindal Index in the 22-sector and 15-sector classification is 0.986.
allocation then corresponds to efficient allocation that minimizes the distance of the economy from the frontier in the (growth, volatility) space. I use the ratio of growth-to-volatility at the optimal allocation to capture the "revealed" preferences. Figure 12 plots the ratio of growth-to-volatility in the data and the optimal allocation on the frontier computed for three specifications: 22-sector and 15-sector classsification and the 22-sector with bounds on sectoral shares.
The growth-to-volatility ratio in the economy is stable at about 2. Accross the three specifications, the growth-to-volatility ratio of the optimal allocation is higher and volatile in the period before the Great Moderation. During the Great Moderation, the ratio is in the range of 2 to 4, which is also the range usually used for the coefficient of risk aversion in the the mean-variance utility function. Figure 12 : Preferences: Growth-to-Volatility Ratio. It is assumed that the economy likes growth and dislikes volatility. The optimal allocation is defined as the allocation on the frontier that minimizes the distance of the economy from the frontier. Growth-to-Volatility Ratio produced by these allocations shows the same patern accross the three specifications. The ratio is lower and stable during the Great Moderation. It takes values from 2 to 4, which is also the range usually used for the coefficient of risk aversion in the the mean-variance utility function.
Sectoral Volatility and Trade Balance. While the trade volume has been increasing since the 1950s, the Great Moderation corresponds to a period of persistent trade deficits, as plotted in Figure 13 . Figure 14 plots the trade balance and growth volatility for each sector. Figure 14 shows that the sectors with a trade deficit (Durables, Mining and Non durables) are among the more volatile sectors.
This suggests another point of view of the Great Moderation, as an outcome of "exporting volatility" by incurring a trade deficit in the more volatile sectors. It is not plausible to suggest that the increased trade openness led to an increase in growth volatility in these sectors, as I did not find support for a change in volatility in these sectors. While the frontier has shifted down, shrinking the growth-volatility opportunity set, the efficiency has increased.
I conclude that the decline in GDP growth volatility after 1984, up until the last recession, was the outcome of more efficient and more diversified sectoral allocations. The increase in the share of Finance and Insurance, along with the doubling of the growth volatility in this sector in the last decade, contributed to the recent increase in volatility.
Furthermore, the Great Moderation also concurs with a period of persistent trade deficits. These deficits were in the more volatile sectors. These facts suggest that the impact of the globalization on growth volatility is affected by the sectoral composition of the trade balance.
